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Abstract 



A semiconductor laser device has a quantum well active layer including a well layer and a barrier layer 
laminated on a semiconductor substrate. The quantum well active layer contains II group atoms such as Zn 
atoms. The quantum well active layer is so formed that a bandgap of the quantum well active layer in the 
vicinity of an end surface of a laser resonator is larger than a bandgap of the quantum well active layer 
inside the laser resonator. The II group atoms contained in the quantum well active layer inside the laser 
resonator make up for vacancies introduced therein so as to inhibit fluctuation of the bandgap of the 
quantum well active layer inside the laser resonator and thereby to enhance long-term reliability of the 
semiconductor laser device 
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xGa,As^3^7y Kl, 1 0 7 lip^G a A s 
1. 10 8l±y s/^T-by^y^b^SpSiAlxGay 
A s ft 3 9 7 y K«»flffi*«»aW»fc«MJ3*l.fc n 
MAl x Ga y Asei)it7'ny^®, 10 9lip®GaA 
sTOkS, llOttplGaAs^y^^H, 11 
llipflWHS, 1 1 2 l*n 5. 
[0 0 6 5] 1 1 3liU-lF#«!8Eifi®WM 

rtgSCOMQWStil 1 0 3 W<V K=¥-v rf 
i9t>*tV^«« («**), 114lipSGaAs<S 
111 0 7±lCJB**^fcnSAl x Ga,Asm«^n 
•^1108 115lipS 
Al X G a y A sg3^75/ KH 06 t pSGaAsS 
SSI 0 7jJ»e>fc5* h?-f:/iJW>!J yi>-Qhi Q 

[0 0 6 6] »{C«it*»KoV>-CH2^S^VCRW 
f5. nSGaAsgfclOl {*+'J7»£2X10 
18cm-3) _h{r«g&, ^a&JI^tSfigft (MOCVD) 
fe^-CnMAl x Ga y As^l^75'Kil0 2 

1 0 17 cm"3) , I iaast^-C*>5ZnJ?( 
^^StLT^-SMQWfiHtg 1 0 3 (Zn®iNg&8 
X10l7 C m-3) , plAl,Ga y As|2^75'KI 
104 (+t!)7SS8X10l 7 cm- 3 ) , pl^'/f 
hy7*Sl 0 5, plAl x Ga y Asf3^7y 

KS10 6 (^r^yrSS2X 1 Ol8cm"3) , pSG 
aAsMil0 7 (=5r^!;T!8S3X10l8cm-3) 
Srxvf^+j/^ijEftS-BrS (H2 (a) ) . d©H#, 
10 1, 1 O20>#!fcl*S iHtf*, 10 3-107 

1 1 mm^x-h* z nja^***i-c^5. 

[006 7] U— !f *S^«BiS^tl^W p 1 
G a A s (SOT 1 0 7 ©SEfc, ^7X-7CVD&t7 

* b!) y^77^-feic«toT, D ys>* h?-f:/fci£ 
£lT5;frAK®4 0/zmW;* h7^7*#lw, 
fcSSi x O y (x, ylilEll) mi 1 6«Sc1-<5. 

fcLfc (02 (b)) . 

[0068] 7 f y h*1>— t^T--* (RT 

A) te(C«k5T=-/H^J;o-C, Si x O y (x, ylil 
UU:) fltl 1 6jtT»MQW^ttl (KMQ 113© 

Qwgtti (m&mm 1 o 3©/<> + y?*** 

9 5 Ot, #i&j££l 0 or/S\ «»l6 0#fff 

[006 9] -toa. tf mmmmmmzm 
ztnt&n#m?*>zs i x o y (x. yiii«±) ei 



74 

TpSGa AsMUl 0 7 Jbl- [0 1 l]Xli[0 
-l-i] ^iSlfcfatffc* Y74-71fc<r>\"j7, h-r*y 

iyfV^ t>y7| 1 0 5lcaai-5±5lCpSGa 
A s (£S1 107iplAl x Ga y AsS3^7yKI 
10 65: [0 1 1] JL\± [0-1-1] jjfaiZfatMt 

m3n mmox b y-< 7*^«o y y 1 1 5 ic^ni-rs 

(02 (c) ) . 

.o [00 70] fcfc, pSGaAs»WBl07±K:J&8 
$ft7*c7 h US?* h-7*y- 1 1 7»4L, 

2[UB<DMOCVD&K: ( J;oT > pSGaAsftSU 
0 7tpSiAl Ga As^3^7y KSl 0 6A'5>45 
y yv^l 1 5 05$IB&nSlA 1 X G a y A s l$c7*n y ? 
110 8 (^1-yTSglX 1 O^cm" 3 ) tpIGa 
AsTOftSlOg (dr+yTSS3Xl 0l8cm-3) 

■e«*atf (E2 (d) ) 0 

[0 0 7 1] *<B«, <2ife(D7^hyy^77^-S^ 
SrffiV^xy yv>l 1 5©flEt3BrilS;h.fcpSGa As 
«> 10 9, Rtf, y yi^l i 5±ir^$nfcp 

SGaAsTOftll 0 9 05® 4 0 (im©^ h7-1'7'tt 
©U— !F#gH«®ifi&©#fcU** h^T-y 118tr 
»I*U ^Wiyf^^M^t, Uv^hv* 
* 1 1 8PiPa!fflnlAlGaAstS7Dj/^ilO 
8iplGaAs TOfcl 1 0 9 fcSKWfclfc*-*- 5 
(122 (e) ) . 

[0 0 7 2J&K, plGa As^SfkSl 0 9±£# 
jSSftfcui?* h-77>y 1 1 8*»*U 30@©MO 
CVDfefplGaAsny^^HllO (*iry7 
» Ml X 1 0l9cm-3) (H2 (f) ) . $ 

i:ffi(C(4pl;1il 1 1, Tffifcttnfcffil 1 2& 

[00 7 3] *<D&, 40m m®(0 U— tP*fi»ttiBifi 

[00 7 4] *«IC/<-©Wfl|©*lll»*ailCRJtBt«: 
3-7V>y*U S6ICf L y7 , ^WLT, ft$8 00 

/i mw*s§iw u-*#mtmmiMti 2 0 M m©^® 

«o [00 7 5] (»Eo**«<ojg«[©^Wft; 1^— f m=f-<n 

7* h/l-S*y-fc>* (PL) fe«C"CMQWe 
ttJil0 3©f-^ififiS:ai«Ufc*S*. 7 7 5 nm-C? 

SrMQWSttl 10 3C K-f y?Lt£*\ Sf*fi^© 

^ftS^W^x^fD-W^. PLfelCTMQWfijttJIl 
0 3 0e-yKfi«rateLfc^ 7 75nmfJ)0 
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(0 0 7 6] fcie, «E©*3Wfio»ll«)*»#u— f 
**©Kfi#ifc*fflv*fc. rt Affile J: 57=-**© 
$rx/><B-tt«r, PLffiieTtfcHftRT-fcSS i x O 
y (x, ylilgU:) Rl 1 6iST<OMQWffitil (& 
ffitt) 1 1 3 £ U-?#Jf Srt»««0>MQW»ttS 

(ISttWK) iO30*jx«T.rof-*ftft«:ffl£L 
fco M*l 13#7 45nm, Sttgttl 

0 3 ;6S 7 7 5nmT?&0, 1 3*»P>0**^^ 
* hyUOtf-^***JSttf|«l 0 3 

hAO 9 t» 3 0 n mgi£g«lei£ft->7 h 

L-C*»9. *fc, RTAfttJ:6r=-yHloJSttiWt 

1 o 3 0>PLWfcr-*«ftii, MCOs * i^ir A-j* 

[0077J *fc, JtetU-C. ipWfltU— 5**^014 
«#ffite*s^-C, xf****/w«ft£«3:na-CI I 
IjlJR^SrMQWJSHtl 1 0 3|e K-f ^LftV\ 

jPI^OttfcSrttfrffl^fc. RTAS 

1 1 3 &&ttff*i 0 3©*ft«i©tf-*«**:»e 
Lfc, KfWcl 1 3*5 7 4 0 nm. igttfitt 

1 03#7 7 0nm-pJb9, &^$1 1 3a>bO»*^ 

-t* K/U«)tr-^»ftJ:9t30nmffl*JHit**S<' 
7MT*J!), *fc. RT Affile* 5 7^-/i^©«tt 

©if **5/^j££jff«©MQWgtt* 1 0 3<D&& 
100 7 8] 7*hA'5*3'*>* (PL) ffileiSfS 

*#«*fffc:j&fi*ii. IffiBm^iWfff©*-** 
ff*£-LTftMi6©"C, 7*M/5*y*>'* (P 

L) ©fgft*^* hA-OfcWx^A^-fi. fittf © 

/<y^t?^^- (ftMttM) 

ffioT, 7* Yfr%*-yty* (PL) ©f-*$Eft 

ii, isttio/<yK*t^s*^- mmm) t 

8*iBiSf»lfi«oilWBJSH41o/<v K¥-r s/TWu-if 
fl.o, u— 9 , *fi»rt«as««(DJSttS«>/<>' K*+ s>7* 

[0079] $nii<n*mfc<Dmw,<»®m*&-?\t> rt 

Affiie e tS7=-^£fT?e<!:(e e fc»K 8«#R-Cfc3 

Si x O y (x, ylilELh) Rl 1 6ittTWpSGaA 
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sftSBl 0 7<D$im>bGa, AsSW!Si x Oy 
(x, ylilfiU:) Rl 1 6«FleK±tffe*L. plGa 
A s ftRJB l o 7 rt»ira?Ul?-4«Sj«*li. ttSftJR 
WniGi AsS«l 0 l*|6jlCttftL-CV^» MQ 

J)5Si x O y (x, y 14 1 El±) R 1 1 6 fiT©MQW 
ftttS 1 1 3©/<y K^-r < ft 

5, #SS§f*lgB©MQW&tt/I 1 0 3 X 9 

.o ioo8o]$ibK, mu<o^nm<ommmmmv 

li, iW^f-y'tA'filiftilfSIg-CI IlfelBFF-SrMQ 
W*£te)f3 0 4le K-f y^LT^3©T?, U— lf*fi 

i-yHSfcieSaJSt^tf&aSi'u MQWfSttl^E 
KL-fci LTfc, MQWSttl 1 0 3£*ie#fc-*-5 I 
II£®*££?USiW£55L&5<D-C, MQWffittJB© 
IHWISfrfliMt S e i: pltB £ ft Q , u— WttWrt 
ttfittiefcttSMQWfittJi©^ K¥+ *s?miiiW 

20 [008 1] &le, J»IB»!it#ffiie*oTfc£>*l,5*3l 
JSro^liro^ftu— «f ^©R T Affile «t 57 

*©»36#ffifc*iV*-C, if**S'-r-/Hd«StfSlS 
T* I I KS^^MQWffittl 1 0 3 |e K- f V^Lft 

[0082] 03, ia4lC^$ftfcZn0?-©$l£;£[Sj 

30 ^{4, 2&'(*>'gmftVrmm (sims) r«t 
fc^T-fc^ 0 3, B4o«ma?HMiiK : fme (a 

toms/cm3) . (jtHttpSGa AsftiiHO 

(^m) -C'fcS, 03, @4|Ci3V^, 

0SRT Affit «t57--^ff, 3a»**RTAftCJ:57 

[008 3] 03, 04A»bW2)<t5lc, iW*^ 
/HSfi**5Xg-ez nlff-f *MQW»tt« 1 0 3IC K 
-f^^LftV\ ffijjEftWroJpWflcu— 9" 
RTAffifii-57i-^t*J^ 
« T, MQWiSttlrttZnlS^liaU n®A 1 X G 
a y A s fg 1 ^ y v K*«^©Z n^©lfilfc^£?>iX 
5„ LtS>L, if^dfv/+^fi$-lt5XS-CZn^ 

^MQwstti i o 3ic K-f >ri-z*mi&(o]&m<D 
m#\s-<f%*<»^--f#mmi$m®X'it, rta 

ffiiei57=~/^iet5V>-Ct), MQWS14110 3-C 
OZ nW^&m^imm< . n|Al x Ga y AsIl 
K110 2fl[^«)ZnJSt-f«>tt»ttJ!.&ft4^. 
[0 0 8 4] llOIt^P), xt^->+MfS45 
1ST- 1 I IBRl-f *MQWJSSttJi 1 0 3 IC K-f 
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fi.tf. nlAlxGayAsll^yh'il^OZnf 

[oo85] *n mmmx n aw*ft^«* t lx% 

k»6ivCV»5S iW^I*. niAI,Ga y As|H7 
yK110 2£££nT*S9, I I 8S1B : P"C*>5Z nJR 
*fcHISI I iDEW^fiBKfiFftLW*. 
MQW&&JI 1 0 3fc*ftWZ hBWHHEUjCVMR 
9 . nSA I X G a y A s£l ?7 y Kil 0 2ffl]^t£ft 
l«8£LfcK tit. *:ttf**">+/W«ft3*lfc«-Jll 

0 4-1 0 7 Z n I I ttflktt w 

-;H:iot, MQWfiH4JBi0 3^©ZnWf-ottft 
iSJtLW^, ffr!Sffitfc§Lfeli, »«43EAS/h*it 

<<««. *WfcO»*»*»#i'— f^THt, RT 
AtefcJ:*7--A'1»lC+-eiCMQWlSttll 0 3KZ 

nJB*aiS*ft"CV5fc«>, RTAfeir«t5T=-/Hr 

ioTMQWgttl 1 0 3(OZ niftf|Oti*q$rOTJU, 
Se>|Cfi, nSA 1 x G.a y AsIl K|l 0 2fl| 

~©znjR*©ifc»fc»iw?£60>-c*>5. 20 
[008 6] (WEo*3llfio»«o»jS*St io-Cft 

[008 7] jfcfc, Jfc«©fc»fc. 

1 JJUB^tMQWfiHftJi 1 0 3 IC K-tff^UtV\ fit 

[008 8] -tOfe*. ^—f* 
^ ©CW 1 2 0 mWf (D^SiSft (A.) Ii7 8 5nm, 

*gjfcfiffi©¥$# f ifrocw i 2 o mweo«fi so 

SES U) l*7 8 0 nm. ^Hffi©^!!©^** W-f 8 
^f©CWl 2 0mWeoWMia (lop) lil 5 0 
mA. i$Mf<0^^f ^ «CW1 2 OmWf 
<0^f)«cfc (lop) f±2 1 OmAffc^ 

*{&©»*! t UMftottflKflstf X33*iTt w £ 

[0 0 8 9] r.O«15ttftOfi«ftflS©»IBtt, 
*fi»rt»««<OMQWJSttl 1 0 3^©£?U^©& 

it, MQWSttl 103WII ifeH?--e*>5Z nJS-f- 
«£©if AO k s l/-H l *«*rtSrtl*© nlA 1 X G a y 
AsI1^77K110 2fflJ^<DZ nJBtf-OtfclWWllBI 

[00 9 0] *3l«i©JBfilCfc^Ttt, «m*iei: UT 
Si x O y (x, yttlUU:) Rfcffl^fcfl*, S i x N y . 

si x o y N z (x, y, ziiia±) ©v*iw?*>ft 

tf. BttfrRl 1 6T«pSGa Asftffffl 0 7K£ 
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-?#*©•?. fiii!Etp]£©&&a^e>ft*. 
[00 9 1] *Hteroff5!ilc*5v>-ctt, i iKEftL 

TZnUfSrfflV^, Be. Mg tofttlfr&R^Xi, 

[00 9 2] *H!t©»IBti3^-Cll, A 1 X G a y A s 
3RiNM*:u— !f,rBBLTE«Lfc*«, Al x Ga y In z 
P (x, y, zliOKJLhl^T) 3&***i'-ifT?*>o 
Tfc, I*!«0>afr*j4*f&&ft«. 

[0 0 9 3] <»2|llt©»»>**««>»ffil-*5ita 
»Ji*ft»CO^Tia5lJ:a'3^TttW1-5. nIGaA 
s«S2 0 1 (*-r UTgg2X 1 Ol8 cm -3) JtKHS 
MOCVDSl:tniAI x Ga y As (x, yl±0 
£Lk 1 £(T ; «T^IB&) IH7-7K12 0 2 (*-r U 
7&g8X 1 Ol7 cm -3) , MQWffiltl2 1 9, pi 
Al. x Ga y Asi2?77KS2 0 4 (*ir!J7«g8 
X10l 7 cm-3) , v%L*y?-V>f*Yyfm2Q5, 
plA l x Ga y As|3^7^ KJB 2 0 6 (**!J7ig 
g2X10l8cm-3) x plGaAs»S§20 7 (* 
+ P7iSS3xl0 18 cni-3) £xtf**f*/-WHiRg$ 
«5 (05 ( a ) ) o -©»#, 2 0 1, 2 0 2 
US i 2 0 4-20 7 ©£«|C|± I I im^T' 

hZZnm+tfttftX^SiK MQWgttl2 1 9fc 
IIS i ^&t? I I SUB^T*)* Z nJSHPIi£*iVO* 

[0 0 9 4] JfelC, MiE^^«2 0 4~2 0 7©#S 
fc£*ftT^5I IlJUISl^-efcSZnJSHF-*, MQWg 
ttS2 1 9fcttK£tf<5fc«bl::* i@|07=-H* 

MQWffitt«2 0 3jW&*£*l3. :0U075-^ft 

7 o cc, fi^^m 2 enn-effofc. 

[0 0 9 5] tttil®S<DT *}^<r>~U 

siMs^-c^wttis^aisffljesrffofcis*, m 

QWStt®2 0 3©^*^JfC©Z n^f-jg«i±8 X 1 
Ol7 C m-3-efcofco 

[0 0 9 6] flflElliISW7^-/l'^(0^3i/M0 
PLtetCTMQWffitt«2 0 30^-^KftSr 
WfrLfclS*, 7 7 5 nm"Cfoi?. tt^t L"C» ^12© 

MQWffitt§2 1 9©tf-*fcft*ffl£Lfcfe», 7 7 
5nmtffcofc, ^<D" t*^, «nE7=-^*tf of 

5. 

[00 9 7)i©|, is-?#MMiEmMe p 9 

Ga AsfiSi 2 0 7<0^ffilC. 7"7X^CVDfet7 

^h!)yy77^-Sl;J;ot, y vV* V7<C7k% 
S1-**i«5K:«4 0/iinO^ h?>f/sRt. 
fc5Si x O y (x, yl±l»±) «2 16 
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4*5. * h^-f^Otf y^li*lSSSSfc 0 0 m 
k Uz (05 (b)) . 

[00 9 8] ftir, RTAffiirJ:5 2[HlB(0T=-/HC 
iot. Si x O y (x, ylilgl±) H2 1 6iIT©M 
QWffitel (®£g$) 2 1 3^<y^ty^/^ 

2 0 3«V<i'K* t +y7:c*/i'¥-J:9 t*#< 

5. w©B*©7=-/i/ftft=ttffil£9 5 0 , C. JHUBftl 

0 0t/». ft»«HB6 0»-CfTofc. 

ioo9 9] mnEORTAteuj:5 2®a©r=-/u* 

«)!>x/^-fflSSr, PL&fc'C0Mt$H?*>3S i x O y 
(x. ylilia±) 82 1 6ilTWMQWStt® («« 
m 2 1 3 £ U-tf#fi»rtflMB*©MQWffittS (ffi 
&M&) 2 0 3W^n^<Dt-;5'Kfi&aiJ^Ly t c o -5: 
©IS*. *fc#2 1 3#7 4 5 nm. ffittSS^2 0 3*5 
7 7 5 nm-Cfct). &ffi$2 1 3a>C>©Sg#*^ HA- 
©f-?&gli. SH±gU£2 0 3 *»&©»#*'<* HA 
©e-*tt«&i3 0nmfiKft«teS*5'7 hbT 
*S9. RTAfeir«fc5 2(BlB©7=-/l'&©fiH4 
«2 0 3(0PL<Dk'-^Si«l±. flnE©ligH©T = 
-/Mg© P L © f - * t ffl £ f&o fc 0 

[oioo] cor t u-iftHkMBSftft* 

[0101] *©&, u-1f#fi8Sffifi0tPWEfc?&ft 
Sftfc&mftKT'fcSS i x O y (x, ylilgLk) JR2 

TpSlGaAsft«S2 0 7±lr [0 1 l]Xtt[0 
-1-1] %fiKtoVtZXh747ftWSx\"<?X* 
2 1 7*«MEU ^©^y^^SflfSrffl^-C pi! 

1 y ? v \- y rm 2 o 5 taart 3 <t 5 P H G a 

A s ftgfl 20 7 ipSAl x Ga y As^3^75'KI 

2 0 6$: [0 1 1] Xtt [0-1- 1] *(RlK#U t fc 
l)3^m^ h7^7°tf©!) yv?2 1 BfcHOI+a 

(05 (c) ) „ 

[0 102] pSGa As«Il2 0 7±ClffM 

Sftfc* h^T***©^* h-v** 2 n^iu 

2(EjaWM0CVD&^«toT, pS!GaAs{fc^Jf 2 
07tplAI x Ga y Asl3^77 Kjf 2 0 6 ?> 4 
6Jj»'^2 1 5©«|ffi*nSA l x Ga y As*8t^ety 
?!2 0 8 (*+y7«Sl X 1 0l8cm-3) tpMG 
a A s TOfcl 2 0 9 (Jrt!l7i8S3X10 18 c 

m-3) -ea»?>atp (as .(d) ) . 
[0103] *:©&. ^*p(D7^-mj y/77^-afff 

1 5©«CfiM£*lfcp£!Ga As 
WfcJl 2 0 9. Rtf . !) y >s 2 I 5 ±|C»* **lfc P 
§!GaAs¥i&{tJi2 0 9©*g4 0^m©* h7^7*# 



(11) 

rou- ifAjRW8iiifi«ff4elwU^ h^?2i 8* 

* 2 1 8|$P§|5©nl!A 1 G a Astffi7n y?M2Q 
8 t plG a A s ¥Sfbi 2 0 9 £iIJRWKI&£-f 5 
(135 (e) ) . 

[0 10 41&IC. P SGaAs?afcH2 0 9±lC» 
ifiSixfcu^ h^^^2 l 8Sr»*L, 3@BroMO 
CVDStpSGaAs3y^^H2 10 <*-v!/7 
Sftl x 1 0l9cm"3) (H5 (f ) ) . * 

io fcK, ±BKIipH£2 1 1. TEICI±n«<12 1 2£ 

[ 0 1 0 5 ] *©'#. 4 0 m m*I© U-f *fi«»BiS 

-c. g$ 8 o o ft mro*K© u—?&u®mmmcm 

2 0 n m©«tR«ftt/««#ftA.«**:* L1z%*m 

[0 10 6] WB»a*tftlcJ:oTft6#iS*»#U'- 
jo if**©l|sIH©7=-/l'ftXtfRTAftfcJ:<5 2iai 

[0 10 7] H 6 I^Sih^ZniS*©* 
l±. 2&<{*>W&#mm (SIMS) T«Lfc*S 
*T»*>9, H 6 (atoms/ 
cm3) , ttttttpgGaAsftBBft>&©ffi$ (n 

m) f$>5. st. neicij^r. aa**» r*igji 

«9iBflHHttlcft<(MK'P*>« S i x O y (x, yltlK 
±) H2 16«r»*i-S3^ll)!rK*lfif«10B©7= 
30 -A&©ZnlI*©&£#fi##£^LT:fc!?, 

RTA&lCfcS 2@B©7=:-A-a©Z nlR*©*** 

[0 1 0 8] B6*»6W5J:5lw. l@g©7=-/P^ 

Z nJ^^ M QWSt±S2 0 3(cfc»LTV>5 
AS, nlAl x Ga y AsIH7-/Ki20 2^WZ 
n IB* ©tfcftttJL e><Vf . nfAl x Ga y AsMl^7 
s/ Kl 2 0 2 t MQWfi&ttl 2 0 3 ©#Bffi$ T*Z nlf. 
W/q^-^L. MQWSttl 20 3tplAl x 
G a y A s % 2 ^ 7 V KJf 2 0 4 (D^-Wi&B^Z nlf 
40 jgS^«/>LfcZn^^t4o-C^5. ^biC. R 
TA)felC«t5 2tH]B©7=-A^-Cli. nlAl x Ga y 
Asm 1^77 K12 0 2 ffifj— <^ Z nW^<ommtn.h 
tl1T. MQWfettl 2 0 3ffiflMWre©Z nlg^7>*755 

lAl x Ga y AsIl^7y KS20 2tMQW&ttf 
2 0 3 ©#Et?©Zn A7y7\ St/, MQ 

WSftg 2 0 3 k p®A 1 X G a y A s %2 V 7 y 2 
0 4©#ffiifit^T-©Z n^?8S©^>M^ 5 ^< 4o 

so [0109] *3fc«©»tt©BS#«fc© 1 0 B ©7=- 
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*>*rff$wi:fcj:0, P lAl x Ga y Asi2^7?K 
12 0 4 ORWfc®\Z-frt£tZ> I I i&F.^'CfoS Z nig 
^*5ii;t-CMQWSttl2 0 3'-tt»-t5 0 L*»U 
nSAl x Ga y As^l^7 yKl2 0 2lC|iS i 
jiSSfi+afc*. nSAl JI Ga y As$l?7yh*i2 

0 2 tMQWStti 2 0 3(0#ffi-CZ nfl^Ottfttf* 
h;/7"U ^rX-l®$nS„ MQWgttS 
2 0 3 fc plAl x Ga y As^2?75' K12 0 4©ff 
Efi®K I I * Z nft?attftJMU*fiS&Jft 
£tv, nlAl x Ga y AsIl?7yKI2 0 2l|OM 
QWSH4JB2 0 3rtKI imWl-X'bZZ n%tf-<D&%k 

[0 110] fcC. RTAftlCi5 2@e^T^-^5r 
fT5w£fc.fc!?, 2 04-20 7W#lir#fi-f3 I I 
KflFf-efcSZnJrf, fttf, nSAl x Ga y As|l 
^7?K|2 0 2fl!|cOMQWffitt« 2 0 3 

1 [SIfiJfeiZngm MQWg&!2 0 3i£® 
-CO I I fflgft-Cb 5Zn jg(*©««$lE#«S < ft 3 <fc 
9lC MQWSttl2 0 3ipSAl x Ga y Asf2^ 

77KI2 0 4 ©ffffij6ftfc#rtSftfc I I RB^ 
5 Z ngf <OSiSSi)|l;Z nlf iJS nSA 
l x Ga y Asfgl*7 5/ K12 0 2^Zn^j£f 
14, J»iC©a5-, nSAl x Ga y As|l?77K|2 
0 2KI4S iW&ffif&tZfk.*). jg^ftK 
[0 111] ftoT, U— y^fiSJBffiiSBHifttwR* 
MtfeSS i x O y (x, yttlSUO B&2 16*JBjS 
•f-5lS«Hw, flUlEMQWgttll-I 
tf*7=-*XS*fT5::i:K.fc!K nSAl x Ga y A 
511^77^2021^1 IftlR^-CfcSZnlS 
B.o. MQWfiH4l2 0 3iSfiKi 
HSia^T*)5ZnJSl-f©»*«riS-ICi-5w 

[oii2] m<D*mmmmmmi>mc£<>x'® 
[oii3] 4*:, ttmtztb^ fftummmKis 

tr>T, MQWfiHtflKI lRJ!I^-e*5Zn«^*raft 
£-£S7~-/Hg£. u-f^»»Bii£#ffl*KR 
«#«-e*>5S i x O y (x. y(41«±) 81 2 1 6 5:® 

[0 114] *<d%^ *%mmmRm&itm<r> 

\s—fn&-<n c w i 2 o tawcw«fi«ft ( a ) 

lit tic 7 8 5 nm, *W6«>W»RtniWEtt«ffl«)¥ 
WftU— !P**-©CW1 2 0 mWT'OlEftmffi (I o 
p) 111 5 OmA-C'fcofCo 

[0115] rft<b£ 70tl20 mWOfiHStt 

¥$*ftlifl3 0 0 0fclH?fc5roi::#U 

S<o^««£i^— !P#^-ei4tt4 o o otswibzwm 
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[0 116] Clfttt, u— If*?- 

Si x o y (x. y iiiW±) BI2 l 6&Mf3rtrZTMm 
itJus^-efciZnW^srMQwflHftJii-tttts^s*: 

tfCtt*<, ffittUBifi«S*-C«> I lK!B*-efcSZn 

10 [0117] *n*©3Bttici3v^-cf±. nsmttBit LT 

S i x O y (x, yttlfiLh) BSfcJB^fctf. S i x N y , 
Si x O y N z (x, y, zliltLk) ©Vvf*lA»"C*>*l 
II, SS«ftll2 1 6TOplGaA»ftti207l:sE 

[0 118] ^Sollirfcvtli, I iUygiFi: L 
■CZnJB^ftffiV^fc* 1 , Be, MgOfiT^Srffi^Tfc 

[0119] *JBfc©»»;:*i^-Ctt, 204-2 0 7 
<0«-ll^*lxTV>5 I iaiiB^-CfcSZnW^Sr, M 
QWffittltlt«!**5fc»«)ligi©7=-/HC*JV^ 
t\ V8UB^-C*5As]IR^Sr*tf*HftT-effofc 

[0120] *H16(D^ffi^*5^-Ctt, 204-2 0 7 
ro#SC^4ii-cv^5 I ifiaB^-efcSZnJK^-Sr; M 
QWfi^4J|tt2:tt*-e:5*:»t)©iiaa©7=-^i2j3V^ 
30 f, 7~-M&££7 0 O'C-eftofc;^ 7--/W&S 
iS6 0 0TO±7 5 0Wt?feHtf« niAl x Ga y 
AslH7?Ki20 2M~V> I I K^T-feS Z n 
«^Oltft*r»«-C#, lo, MQWg&S2 0 3i£& 
m®X'<Dl IfilJE^-CifoSZnJl^ro^^-lCi-S 

[0121] *3l*©^|Bt*J^TH[, A 1 X G a y A s 
3M^W-lPeBLTE*i,fcj»*» Al x GayI n z 
P (x, y, »tt06l±lHT)^lfH'-ft*o 

<o [0122] <%3nm<Dmm>*mm<»Mmzt5^x 

ItSMQWfgttS 10 3tOI I fcflfl^^JMWK?-* 
SlCO^T^ftric 

[0123] MM 1 £M^»ttfclE*<0¥** l>— f 
Smcfc^T. MQWffittil0 3ff)I iKB^-cfeS 
Z n^8Si5i x 1 O^cm" 3 , 2XlOl 7 cm _3 , 
3X10 17 cm -3 , 5 x l 0 17 c m" 3 , 8Xl0 17 cra 
-3, lXlO^cm" 3 , 2X10 18 cm- 3 , 3 X 1 0 18 

50 [0 1 2.4] 0 7tCMQWfti4®«7i^l'C^Zn® 
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=f- 8fi tCW120 mWtWSidll (lop) «>Hfli 

[0 12 5] H7*»&*l*.fc$K. MQWgttiro^ 
/H-COZ n®^g|^ 5 2 X 1 0 17 c m-3^T*fcli2 
X 1 Ol 8 cm-3^J;-ei±, SMtftri 5 2 0 0 mA&Lti: 
*o-C^5. MQWISttSlOaO^x/H-CWZnJR 
?*flW2X 1 0 17 cm-3«T-CI4, RTAftK«fcS7 
--yWC<fco-C, l 0 4~1 0 7©4WBfc#ft-fS I I 

IIftS55ZnI«iniAl x Ga y As (x, yl± 

0«±l«T;«T«*) *l*?y K«i0 2flMfc 
»+5^ttJ:9, p-n8^fi5nlAI x Ga y A 

s m i * 9 v Kl l o 2flMMbU y 

Z n JR*S*# 2 X 1 0 « c m^iT*!*, R T A&ll 
<t57~-;UK,fcoT, MQW?££ll 0 3<D$=fl'M 
CfiFft1-5I l8^FCa$ZnJS*;4*ngAl x Ga y 
As»l*5y Kll 0 2«^ffi»i-*rtJ:J:9, p 
-n|^PnlAl x Ga y Asil?7'y Kl 1 0 

[0126]ftoT. *liaS«>«»ro***V-lf# 
*|C*IH-C, e»«*^2 0 0mA*»i:«5J:5tt 
MQWffittJfW^i/uS^Zn^figtt, 2 
X 1 0 17 c m"3a± 2 X 1 0 18 c m-3gl(Tfci-S£B# 

fcO, J;0»*L<li r **Wi*©jK-e3xiotf c 

m-3£Jl± 1 X 1 0 18 c m-3^T t + 5 i fc i 5 M* U \ 
[0 1 2 7] rfttC«fc>), I UJsJR^rottftCJiSp- 
nft^BWJS 1 1 * 7 y KJM^«>»»* 

mtr-t, -toft*, effif*>p)0*-r y r©^-- 

7n-£«J$IJ-C#5. 

[0128] *|8fi0>}BtR£*S^-CI±. * 1 *«ffi»R 
.hie, $ 1 mmm<D% l?yy Kl, I I 

*lfc#g*?#F«ig£ I lfcf%*Z$t!%JM KIT- 
^■C*5JStt», *2**g©»2*?yKS, £2 
|«So*yf^^ hy7*l, *2»*§H©JS3^? 

< l *ttro«ffifcE«<0 1 fM*#i'-f f * 

JIlWSOjBl^yKd. /<!J7M^x 

m^-e* setti, % 2 ^msrom 2 * 5 y ki, 

2«il«iyf^l-y7i 1 fg 2 3 
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ft**, ffJE^t'**v'*/H£ft$ftfc?:^&T=- 
/UL. IWE*2»*Il<0»2*5yKS. fiasco 
xyfy/xh^/S. S2 9MiI!©lB3*?y K«. 
JB 2 £1IStf><SaSJi Iz&tEtZ % 2 ««tt«r«i-7M» 

iWt ;H#ft Slxfc **^*ifi±lc||«*Mi*« 
SfcU tt*x»*T=-,rt/L-C, «rE«S**«Tfc£?l 
ttaJLfcffiEffittUBl::**-**? 

K¥+ f 7" J: •? ** < -ti fffiEg 2 Htfiio^ffiicetto 

[0129] <%4MM<Drm>®8\*, *mm<D&m 

H8K*IV*T, (a) Ht3tmWiaiBSr*tfftaEB, 

(b) {±18 (a) ©i a- 1 a'm\ztstt&mm<» 

»rEI2, (c) (±08 (a) <Dl b- I b'i&Wolt* 
!!¥#|6]<0»M-t?fc5 0 *fc, 301l±[0 1 1] 
Xtt [0-1-1] *|6](C1 5ffiffi^t-CV^nSGa 
AsgtS, 302j±nlGa y In z P (y, zl±0W± 
1WT;WT«S§) /<y7rl. 3 0 3l±n§|A 1 X G a 
yIn z P (x, y, z l±0£Lk 1 &T ; «T£*&) 01 
*7y Kl, 3 0 4l±/<y TMRW^Mi^mzm 

to, fiE^yri, ^*/n % *jif-f k«o*ik i 

IftJB^-CfcSBeBC^^iKT^SJSttl (MQW 
SttS) . 30 5liplAl x Ga y In 2 Pf2^7y 

KJ§> 3 0 6f±pS3is/^^^hy7 e S, 3 0 7(±* 
fi»*fillwy yi?^ ^-T^^/iSpiAljGayl 
nzP^S^y-yKl, 3 0 8 (±pSG a y I n z P c f 3 ^1 
1, 3 0 9lipSGaAsftSI, 3 10l±yyv^7.h 
7-f7Xb&5pMAl x Ga y I n z P03^7y Kl 
©WBta»t>atf«K»***lfcnfflA 1 x I n z P 

(x, zl±0^±mT;«T : tlt&) ttt^ny^l. 
3 11liplGaAs3>?ni. 3 12lipffll 
tt. 3 1 3iin«J«ffi"Cfc*. 

[oi3oi*fc, 31 4{±^— f&mm%m&®<oM 

F^gC<OMQWStti 3 0 4cD/<y K^-T y7°x^^^- 
i5fc*#V^«* mm®) , 3 15liplGaAsft 
^S3 0 9±IC»riE$llfcni!A 1 X I n z Pm^yoy 
?m3 1 0*»&45ft«*aAfiB«, 3 1 6l±pSA 1 
xGa y In z P^3^7?Ki30 7, pHGa y I n z P 
fra®308, P SGaAsft!li3 0 9A»^5^h 

[0 13 1] &lc|j|Ji*ifefcov>-CH9lcS^^-CttW 

-r?.o [o i i] x»i co-i-i] *i6u-i 5*« 

*H,TV^nSG«AsfflS30 1 (=^+y7i8a2X 
10l8cm-3) ±li«Sft. ^iW*'/- (MB 
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E) fel:tnlGa y [n z P^<5'7rl30 2 
TSfil X 1 Ol8 cm -3) % nSA 1 x Ga y I n z P^ 
l?7f KI30 3 (^-vUTSSl X 1 Ol8 c 
m-3) . I lKS^S>5Be^^*n-CV^MQ 
WSttl3 0 4 (BeIffiS5X 1 0 17 c m ~3) , p 
iAl x Ga y In z P»2?7yKi305 (**y7 
»&1 X 1 0 18c m-3) , P Ixyf^h^l3 
06, plA l x Ga y I nzPS^?? KJf3 0 7 
(^-^yrjS^l X 1 Ol8cm-3) , pUGayl n z P 
*fa1S 3 0 8, pSG a A s {RUB 30 9 5 7* 

S7X10l8 cm - 3 ) (EB 
9 (a) ) . :o«f, 3 0 1-30 3 <Z)#Jf KI4S i If 
3 0 4 ~ 3 0 9 I I RftWe** B e 

[0 13 2] «e«)xtf^*^ir/i'**itt*o**^«) 

— gPSr, PLfedTMQWgftl 3 0 4rof-^«tftSr 
fflJtLfcfeft, 640nmffct), *fc. tfc«55«fer LT, 

QWfiHtS3 0 4KK~tr^^b*V\ SESEftW©** 

j£&(D7:r^<D--*B£, PLSIC-CMQWffittl3 0 4 
Otr-^ttfiSrjM^Lfcfe*. 640 nmffeofc„ £ 
roit^fj, xe^f-rWfcftSttSl&TM I SHE 
^■«:MQWiSttl3 0 4KK-try^LTfc, MQWft 

[0133] ftir. &&<D7* hi) vtr^yj-Wft* 

ffll>T, l/~ ^S»i«©pSGaAsfll3 
0 9 ©affile, !>y^h5-r^iiffSEi-5*I«iIt*7 
6 0«mt^ h^T^U:, ftKKS 1 7kLXU^ 

Srt»«*©pS!GaAsiSaiff3 0 9t, Y*Vfll* 

fc}3, * h^TWy 151 C8 00 *m 
fcLfc (09 (b)) . 

[0 13 4] *©gj, v— F#a&«ffiift#$I#©pll 

GaAs&SS3 0 9|C, >T ^WfcSftfclS^ ©J&W 

(N) -<*>«r«t\ 4 I 50 k 

e vnlfrK-fr-jf;, 

[0 13 5] fcfc, <*Slg[3 1 7trMt*U 7=-** 

«Bifi»«*©MQWffittJi (£&$) 3 14«/<yK 
¥t7 7x*/Hf-fc i/— !f *«Sirt«fi«©MQWS 

?*>5AslB*«:£MMI!ftT-e, i&g7 0 0t:, &8 

[0 13 6] WE<7)T^-/^W>i/N(0-gi5Sr. PL 
Jfelc-CW ^ vfigW^ff fcftfc u-tf ^SWffiififffiMt 



iff 

©MQWfSttl (Sffltt) 3 1 4 i I/— tf*a»rt«« 
^©MQWffittS (Sttffitt) 3 0 4©Weft©f- 
L7i 0 trojgft, !Sffi«3 1 4^6 1 On 
m, jgtt««3 0 4a*6 4 0nm-e*>9, *«*3 1 4 

fr&OBjfc*-** h/U0>fcr-*ttft.fc0fc3()nmJS8E 
ftffllC»ft5/7htTi3!). 7--/M£©fiH4ijl 
i$3 0 4©PL©fc' , -:{'i£fil4. JWE©x 

.o [oi 37] zvzkfrb, is-f&mmwmm® 
©ifoeett!©'<i' i'-? 

©SttJf ©/<> K*-r y7\fc D < , Ao, 

[0 13 8] «rtE«)***0»*«>«JS*fe-Ctt» 
yfiRWfcfrSrilcfc!). pSGa As««S3 0 9* 
BBIdiEJLW^iS^feriE * ix, 7=.-**r*T3£ifc.fc!K 
BSHLWW n SG a A s &£ 3 0 1 *filt|tft UO> 

*>««««liT«)MQWSHtl 3 1 4 ©^ K¥* y 

(i&ttWK) 3 0 4J:53Hattlc««!HWBoiKv^«fl« 

[0 13 9] * fefc, «rtBO**«ro»IB«)»3&*«fe-C 
14, xfc-**v^/H£6£-fr3Ig-CI HJUSrtf-fcMQ 

io fcLfctLTk, MQWJSttl3 0 4*WC#fr*-6I 

i m.=i-hmM^m% ^ o o-c. Mowgttim 

[0 14 0] ftir, ^&©7^- h y y^77Y-SK 

fflV»TplG-aAs«||3 0 9J:i: [0-1 1] X 

14 [0 1 - 1 ] ^rsjKffctffc* b 94 V 

•C, pffla:y^^hyrJl3 0 6K:aBtf«i5K 
.o plGaAs»M3 0 9iplGa y In 2 P^l3 
08iplAl x Ga y I n z P^3?7?Kl3 0 7S: 
[0-ll]X(4 [0 1-1] #l6jfc#tffc*J3/im 

h7-f7'«<0!J r^3 1 6lCjDX-f5 (0 9 
(c) ) . 

[0141] P lGaAsftflH3 0 9±|:» 

fife^H/c^ Y?4-f1ti!D\'*JX Y-**V 3 1 8£|&£ 
L, 2[H]a(OMBEfelCj;oT, pSAl x Ga y In z 
P^3^7-y KM307, P SGa y I n z P«PWJi3 0 
8. pfflGaAs«OT3 0 9jS»&*$!J2/S>3 1 6© 
» (HBS:nS!Al x I n x P*«7ny *S3 1 OT'Sfeii 
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tt (09 (d) ) 0 
[0 14 2] fclC, &fc<D7* h'J 
ffl^Ty -7-^3 1 6©WEK:»]*$ftfcnI!Al x I n z 
P«»^py?i3 1 0. &U\ y y5?3 16±lC»J* 
JtlfcnlAl x I n z P«*^ny^Jg3 10<D*g4 0 

;* hv** 3 l 9 SrJ&dtU 

HT, ^ h^^^ 3 1 9Hn»flnlA 1 X I n,P 
«*7ny*B3lO*»fctafc*1-6 (0 9 
(e) ) . 

[0 14 3] y yS?3 1 6±K»J***lfcnfflAl I n 

pta^B ? ^i3 1 otr»*i-sxa#, «St^aA 
®«c3 1 5ojg<«iasr**i5©-e, ia*»B!i«aJpr 

«4:ftoTi30, Sfeic. IWE^ntxi:j;o-CiMS 
ilfc*»E#&A«*3 1 5rt\ ££$3 1 40>*JbC4 

?L*B«!>«Ek:J:**irJ>7«*«r»*.6ii60-C, 3§ 

[0 14 41 nSAl,In z Pl^Dy^l 
3 1 0±fcJBfifc*itfcl'-:>* h-r^iT 3 1 9«rlfc*U 
3@|©MBEfefplGaAs3V?* hi 3 1 1& 
TlMtS (09 (f) ) o S6C» ±EB£lip*«3 1 
2. TEKIinm&3 1 3'*r»jjW-«. 
[0145] fcfc. 40// m|S© ^-ir'*Jgi§Sgffiifi® 
«*0IIfl:**fc**7^77^VfcAfc-C, **g$© 
ft * fc/<-ftfc5MM U »ftfc'<-«>PMI©#aUtfcR 

8 0 0 fi m<D&M%k<D U-if ^S^SBSCIC^ 2 0 /i m 
5. 

[0 14 6] MWo*Xft0£tt0g&^£J:o-Cft 

i/— if o«H4«3t«rtf o fc 0 
[0 14 7] *fc. tt«©fc»MC. iMHH'— 

I&®*£MQWffi14®3 0 4KK-^y^LfcV\ 

[0 14 8] *3Bfco*jioi|a»flcw- f * 

?»CW5 0mWW35lSfi (A) f±6 6 0nnu tt 
l^— f **<0C W 5 0 mW-ero|§SSifi 
U) Ii6 5 5nra, *%1&0>J&16O ! &Htl'—fX : f- 
«)CW5 0mWC©ett«Mi (lop) (±1 10mA, 

l'-tf**©CW 5 0 mWtOSSI 
ffi(Iop) l±13 0raAT?&D, *Hte©fi^g©¥& 

[0 14 9] w©&Jgifcft©*Ifcft{fc©»3i«tt, U— J* 
*fi»rt»**OMQWfitt)| 3 0 4^©£Wf ©& 
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l±. MQWffittl 3 0 4 -CO I lKJS?T?$>SBe!S? 
jggrottJDi:, U-f*fi8rt»««OnfiAl,G iy 
I n,P*l*?y Kl3 0 3«^©BeJB^Ott»«« 

[0 15 0] *»««)»«CJ8^-CH:, I iDW^fcL 
tBeBf?rfflV«, Mg, ZnOffltlftVErfflVvCt 

[0 15 1] *3«fc©»«fc*iV*-Ctt, I 
io *iiT^5MQWJSttl3 0 4O5'*A'a-p©^«»JS( 
^8**5 X 1 017 ctn-3|CUT^5]4*, 3X10l7 C 
m-3«± 1 X 1 0l8 c m-3£JlT©»SH-Cfentf. BttEfc 

[0152] *nm<Dm\c&^x\$, v— f&m%y& 

ffiifi^®^©pSGaAs^SS3 0 9tC. N^VCD 

RMttrfTo-cv^iS, (N) St* (O) -f 

*:/, 7^:*> (Ar) -f*>©v*-m*»-oxmifc 

[0 15 3] #JIS0#j|Bte*}V*-Ctt. V*»[*-e*6 
a s K***tr«MT-e7=-*ttTofc# % 

?&g£ 7 0 CCTtfrofc*, 7=-/H&«# 6 0 0"CEJI 
±.7 5 OVUTT'tbiUi, nlAl x Ga y In z P|l 
* 9 7 Kl 3 0 3tt^O I I 0OK?-?fc5B e 

[0 15 4] <^5JliS<D^ffi>*«Jfiw®1ilct;it5 
Kfc#ftfcoiiT01Olc£<S^TRW-r*. CO 1 
1] Xl± [0-1-1] *flCl SJtflWU-CV^nffl 
GaAsI«401 9 7}gg 2 X 1 0 18 c m"3) 
-fcKKSfc. MBE&dTnSGay I n z P (y, zliO 

gl X 1 Ol8cm-3) nSAI x Ga y In z P (x, 
y, zl±0W±lE(T ;SkT%m %\t7v KJp4 0 
3 (^tH7igIlX10 18 cni- 3 ) . MQWffitti4 
to 20, plAl x Ga y In z PS2i'7yKl405 
(*i-y7fcglX10l8cm-3) , P Si?fy^ 
Ky7*l406, pSAl x Ga y In z PS3?7yK 
14 0 7 (dr^y7jg«lXl0l8 cm -3) , pSGa y 
I n z Pt^l4 0 8, P SGaAs«afl4 0 9 (*-r 
y7Sg7X 1 Ol8 cm -3) traHf^dfi/^yHSftS-a: 
5 (01 0 (a) ) . Z<D%. 4 0 1-4 0 30#|C 
liSiJB^, 4 0 5~4 0 9©#1ICI±I IKW^-C 
Jb6Be*W**JtTV»*«*. MQWSttl4 2 0lC 
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[0 15 5] fitl!E?3:'M£>4 0 5~4 0 9<0&1 

t±J§4 2 0lC&f&$-±£fc«>lc, 10e<DT--/WSrH 

MQWffi{£)f4 0 4«fe£ft3 0 :«>l»7=-^ 
#f±, V«K*T?*5AslS***tr£HJ5TT?, ffiS 
7 0 O^C, ««f^W 2^P|SJ-efTofc 0 
[0 15 61 WElBBOT^-^aO!?^©-* 
£, S IMSICT^ttttW^aitjH^SrfTofcftft, M 
QW&tt® 404ffl P *yUj|-C©B e JS***tt 5 X 1 
Ol 7 cm-3t*)ot B 

[0 15 7] Sf[fEllHlSWT--/U^O^^/NO 
-»*, PL&ICTMQWfgttJf 4 0 4<7)f-?&:K£ 
aUSUfcJS*. 640nm-Cfct) 1 Jttfcfcl/C. IttEO 

MQWi£ttS4 2 0©tf-*«£«rfflJ£Lfci&*» 6 4 
Onm^ofc, CCDri?!i>P>, flfHE7~-A"Sr?ToT 
t. MQWJSHt««)b , -^aWK«ft#«^ii:*W6 

[0 15 8] ^<D7;f MJ y^77-f-K»S: 
fflV>-C N U-fftfi*rt»««©p®GaAs«ai4 
0 9©*Bifc, 0y?*h5*7fci«W-5*flfc*7 
6 0jim*h?-f*!Rfc, &H!g4 1 7*LTU5?*h 
^^«Rj«i-*. ffilB{NUt4 1 714. \s-?m® 
rtSB«B^pi!GaAs»Sil4 0 9lw, -f^VflsSfi 

is, *h?'f7®tfy^tt*«»ftfcllili:8 0 0j t mi: 
Lfc (010 (b)) . 

[0 15 91 V'-if*g§§4g®ifi^!l«WpS 
GaAs&S!4 0 9fc, J XyfcZhlzmmmkt 

rfy (Ar) J*ym^\ 4*i/m#***'*-tfi 

0 k e VOftttT-CfTofc, 

[0 16 01 &SI8I4 1 7£&£U RTASl: 

tffTfcftfc U— !f *fi»*iiiiS»«*©MQWJSttJi 
(&WR) 4 l 4 y:/**/^-* t'-tf 

#M§§ft^«Z>MQW&t£l (fitt«8) 4 0 4 ©/< 
^ K^t5/7x^-in^f < ^ff 5, ~©b#© 
7=~/U*ttttfi[|9 5 0^, #i&3£S 1 0 0*C/», 
ft^P B l6 0#-Cffofc 0 
[0 16 1] fIiaORTAftlC«kS2lHiero7=-^ 
©!>ai/NO-aJSr, PLifelcT^yjift^frftfcu 
— !f#«»*iEiff^*©MQWiStt* (««*) 4 1 

4 1 is— F#mmummMQw%m (%&®m 

4 0 4<o^f nnf-? j£fi«:WLfc 0 
«4 14iS6 0 0tim, Stt^4 04i56 4 0n 
mfi)^^ £81*4 1 4A^cD5&3t^-<^ h/U©tf-* 
ftftll. flH4«*4 0 4j»»fe©»jfc*'<* hvUOlf-* 



(16) 

30 

It. RTAi&CJ:5 2la]Bro7=-A'ft©iSttStf4 0 
4<DPL©fc-~?&;Bli, WE01@B«)7=-A'ft«> 
PL<&br-*tt££|S!f<?*>ofc. 

[0162] ^ro-t^p,. u— y f #SSfJ8ffiifi&8!# 

io [0 16 3] £6.1::, MEORTA&i-.ti 2@1©7 

© B e ffi?<D& £ XfiMfiff) SIMS fflJtfcff o ft a i 
nSAl x Ga y In z P||1^7yKi40 
3~©Be®?©J£fClijt,<bft1\ MQWStl§4 0 4 

[0 16 4] fclC, &*Q©7* h'J y^77^-fiffi£ 
ffl^T, pSGaAsft«l4 0 9±tr [0-1 1] 
Xtt [0 1-1] h?^^©^ 

20 T, P Stey^>^Xhy7jf4 0 6fC»f5«t5l- 
plGaAs«H40 9iplGa y I n z P«plS!*4 
08ipiAl x Ga y I n z P^3^7> K14 0 7& 

[o-i i] xii [oi-i] Hto\z.teV1tm um 
h7-/^tt©y s^4 1 6ldJDI-T5 (Hi o 

(c) ) . 

(0 16 5) « pSGaAs««B4 0 9±ICjg 

U 2Ie]SOMBEife(C < to-C, plAl x Ga y In 
zPS3^7y K1407, p|Ga y I n z P«t>IU! 
so 408, pI!GaAsftffA409d>&fc&y y5M 1 
6©ffi!lE£nI!A 1 X I n z P (x, zli0JM±l£JT; 
WT«B§) tt^D-^14 1 0 (Bl 0 

(d) ) . 

[0 16 61 &fC, &*n©7* hy y^77^-fitff«r 
ffiV^C, y ;/*4 1 6©{8IE«££ftf;:nIU 1 X I 
n z PWPy^!4 10 1 Si;, y ;yi?4 1 6_hK 
^SilfcnMA l x In z Pti/n?^i4 1 0©!@ 
4 0 a m(DX h 7#© ^iF#fi»*ffiiEflF«*fc 
^v>* h^r^^4 1 9*Jf^L, tefatox- y<?-S>f8M 
« Srffl^t, 1/-^ hv^^4 1 9MPg5WnSAl x I 

n z pti7 , n^i4 1 ozmmicmztz mi 

0 (e) ) o 

[0 16 71 i^tC, niAl I nPtl7"D y ^i4 1 
0±ICfM$tlfcU^ h-v*?4 l 9lr^SL, 30 
iroMBEfet'plGaAs^^^ hJ§4 1 1 *ffM 

■f-5 (Eio (f) ) „ £e>K, ili;iipt«4i 
2, TEKI4n«}£4 1 3«rJgj«+5. 
[01681 4 0 ^ m*®C0 [s—f *SS§Jgffiig^ 
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800^ m<D*g§&tO U—f#S^Jg®Si5f^ 20^m 

[0169] Mftnxnmmmom&fimcsiox® 

[0 1701 Sfc> tfc&<Dfc*tC, fifllSCD^ 4HttK>JK 

(oi7ii *i5*««iBfttme*4** •« 

©JKttO**#U— tfJK^-flftfcJfetittM: 1 0 0 mWJM 

±W^tti^HfcV^'bCOD7!J--C*)<9, 

5>«r7 0lC5 0mWro(8«Ht*«ftfTofcfcw%, B&E 

% 4 %K<o$ffi<D¥*# u-f s& * nmmm® 2 0 

0 0I*IB1-C*5©»C»U *3afcO»*© i NI#l^— f 

**-eiitt3 0 0 o«^*36fc¥i4j**#rt±Lfc. 

[0 17 21 eftll, *HJ|(0^1i<75^^U'-f ! ^ 

XSflfllc^iS1-5 1 [1 1 <D7=-/uxg£ft 5wtl:J; 
9 . SttlififlHWE-C© 1 1 J&E^-efeS B e JB*ro£ 20 

[0 17 31 *^*0«||t*J^-CI4, I iUEJS^fc L 
TBeWf*fflV^4», Mg, Z rKDtoh^fcja^t' t 

[0174] *nm<Drm\cwx\t, suis 4 0 5 ~ 4 

O90>«-JBK3$*l"C^SI iMK'MBel^ 

■C, MQ Wffiffii 4 0 4C|)i^I-eOBe fij^ 30 
5X1 0l7cm-3£&o-C^.5/4\ 3X10l 7 cm- 3 H 
±1X1 0W C m-3EJlT<0(Sffl-e*>titf. lWEfcPl*© 

[0 17 5] *HKO»ttH*JV^"C»4. H**fi»» 

<0flMt*fTo-cn«:4*. (n) -r^-v, tt# (o) 
T/u^y (Ar) ^^-^rov^-fix^'-oXli^ 

[0 1 7 6] *HffiO^SI(rt5^-CI±, #Ff24 0 5~4 
0 9 05*Sl^**trv>S I I«iftfe5Begf* 

MQwgttiicte»$*5 1 @@ or =-A>xst*Jv^ 

T. V^*?*>*AsJB**at**llftT?7=-/u 

[0 1 7 7] ***©»»=*IVTtt, fttII24 0 5~4 
0 9<0«-lir^titTlr^ I iMfCfciBeg^ 



fc*5V*-C. 7--/ufi&&7 0 O^-CfTo/i^, r=- 
/Vitg*5 6 0 0 < C^±7 5 OtWT-Cfcitli, niAl 
xGa y I n z Pfgl KJ13 0 3«^©I I JJeJH^ 

■CASBeW^WttfttriMI+awi^^BiftO, fill 

[0 17 8] <%zmifc<»WM>*%n<r)ftM\^^X 

i£££ICi3V>T, l^— «f*fi»rt»ffl*<OpSlGa As 

«*H*««Kfcbrfflv*fc»*Kov^r. ESi lie* 

[0 17 9] [0 1 1] XI4 [0-1-1] #fitCl 
5Sff8L-CV*5nSGa Asg*g5 0 1 !> 7 8 

S2Xl0l8cm-3) ±tHRft, MB Eftler nlG a 
yIn z P (y, z l±0£JLh 1 UAT ; WT^TIfc) /<y7r 
H5 02 (^r-^!JrS*l X 1 0l8 cm -3) , nlAl 
xGa y In z P (x, y, z l±0 6U: 1 ; UTG 
B&) «1?7'; K1503 + 9 1 x 1 0 ™c 
m-3) , I I«IS*-efc*Be]R*#S*ftT^3MQ 
Wffittl5 0 4 (Beg^8t5X 1 O^cm" 3 ) , p 
lAl x Ga y In z PS2^77Ki505 (*ir!J7 
&£lX10l8 C m-3) k p Siy^^h^l5 
06, plAlxGaylnjPSa^yj-KiSO? 

(*Y!>7££1 X 1 018 c m -3) , P IGa y Iti z P 
$ ffif 5 0 8, pSG a A s ftgl 509 (*+ !J 7« 
S7X10l8 C m-3) fcatr* (0 

11 (a) ) . 

[0 18 0] w WB#, 5 0 1~5 0 3 0&1ICI4S i Jg 
W 504~5 0 9<D&mzftl I&j^T'fc5B e 

[0 18 11*1:, ^fjtJHSrtBfiWtOplGaA 
S&&S5 0 9<D3tigie, y^X^CVD&i^^- hi; 

#[6HC«7 6 0jim*h?>f:rt|Kie. KtttR'CfcSS 
i x O y (x, ylilfiUb) R5 1 7tr»J*1"5. SWEK 
1 7 14, 7#fi»rt»1H«© P^G a A s 
&&15 0 9IC, ^*Wfc4iifcK-T#Jilt**i.ftv»fc 

t±*S§ffitlBH:8 0 0/imi:Lyt (Ell (b)) . 

[0182] is-vmmmmmmpm 

Ga AS&H15 0 9K, 4 ^^ftS^tfclR^lWt 

^tt? 0 *HtSo^J§n*3^Tfi. r/w 
(Ar) -{yt-ytmm (o) -Y^4rl^mcllt 

L, -<*VBHt=*A'*-* J 1 0 k e VW&ftTT-ffo 

[0 1 8 3] I/-f*fiSl*l«HII«OplGaA 
s«ail5 0 9i:ie»J«$iX-CV^II«(W!|-C*)SS i 
xO y (x, y(±lW±) 815 1 7«r»*«-flC. 7-- 

m&mmm<r>MQwmm mmm 514©^ 
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Wflfttl (fiH4««) 504©^K^lr^^ 
-IS StfS. :©^o7--;^l±, v& 
W^T*5AsI!l^tdtf»H«T-C, fig 70 or. 

[oi8 4i ^wt, 4i*p©7* m y^77^-e 

Srffl^-C, pSGaAsft«l5 0 9RlflB«fttt"e*> 
$Si x O y (x, yttlEH±) R5 17±fc [0-1 
l] XH [0 l-i] fciSifctttffc* Yy^^nu 
'st. Y^x? 5 1 8«:$J*U aJsnoxyf-y^Sflffc 

l'— Sf*g^«wWlTfc5S i x O y 
(x. yttlfiU:) K5 17ipgGaAsft««50 
9tplGa y I n z P^rfll5 0 8ipSAl x Ga y I 
n z PB3*7:yKl5 0 7£ [0-1 l]XH[0 
1-1] *|Sli:Wt*!)3«m(|Wb7'f^©!) J» 
^5 16lCiOIi-S (EI 11 (c) ) . &IC piGa 
As«lf5 0 9SUliWT'i.5Si x O y (x, y 
fii£t±) K5 i 7 timi&Ztiltx hyJT'Wim'* 

* 5 1 8*Jfc*U 2lH]@(DMBE&lCio 

T, plAljGayl n z PfS3?7s/ K150 7, pU 
G a y I n z PtPa1l5 0 8, pSG a A s ftSl 5 0 
9*»b&*y ?S?5-1 6CDfflS^nSAl x I n z P 
(x, zli0^±lWT ; WT€B&) «^D S '^15 
1 0 T'JIfeiit? (Ell (d) ) „ 1 
6±©^ttftlglT'£>5S i x O y (x, yf±l£l±) &H5 
1 7 O&BBlCtt. A 1 x I n z P A 5 2 0 

[0185] &*iio7*n)y^77«r-aff 

S-ffl^T, y y^5 1 6<Dffijffi|r^$nfcnSA 1 x 
I n z Piffi7'B7^l5 1 0, fttf, y 5^5 1 6© 
plGaAs<Sil50 9j:IC«$*lfcnlAl x I 
n z Ptl^D?^i5 1 0<Oif@4 0 nmOX Y747° 

^^5 1 9|na5©Al x I n,P#@&5 2 OSrS^ft 

KB&fc-fS (Hi l (e) ) . 
[0 18 61 h^*^ 1 9fflRSmc^§^5 

Al x In r PKfi, «*fW*-C*>5S i x O y (x. yJ± 

A1 X I n z P#)gB a B5 2 0i:/ < Cott5!3, 

y * ffl i > 5 r k k «t 9 *s w t asm* 

5o I/<^|>^?5 1 9P3Pb^©A1 x I n z P 

fc««*ftA«*5 1 511, J8««S 1 4©jff±U:fto 

[0 18 71 &IC, !f*fi»rt«B««OpaGaA 
sft||Ji5 0 9±IC»iaSiX"CV>5««»«-p*»5S i 



x O y (x. ylilW±) 1 7£&*U -?:<D«. n 
SA1 X I n 8 P*ift7*ny*JB5 1 0±ICff2$£*WtU 
hv** 5 1 9fcBfcSU 3@icOMBEfe-C-pS 
GaAs3^ni5 1lS:Mt5 (011 

(f ) ) . £e>K, ±ElC|lp«&5 1 2, TBKlin 
««5 1 3*#rt-f$. 

[ 0 1 8 8 1 fcfc. 4 0m mil© I/— «**fi»*iijifi« 

8 0 0/i m^*g§iw u— fxmumeuizm 20^ 
5. 

[0 18 91 flWE©*lias©»tt©«a*ifeU:J:o-Cft 
[0 19 0] Jt&©fcfclC, flfJlE©Sg4gli60^ 

[0191] *<o&£, *%«©»ii&tJ t fl(rejii4 9i« 
rojgtto*** ^— f C W 5 0 mWtro^iSfi 

(A.) lit tic 6 6 Onm, #3lfetfM©¥a|ft U- 
fifWCW5 0 mWTWKKlWE (Vop) 112. 0 
V, lUfiJg 4 l^-fX^CW 5 0 
mWf©Ii®E (V o p ) 11 2 . 5 Vffc 9 . 

[0 19 2] tfe^T 11, I L 

XBeWttR^fttK Mg, Zn©V*1"Jia»-e*>*i 

[0 19 3] ***0»»K*JV^-CH:, I I WKW* 
tnT^5MQWSttil5 0 40^x;HWB eJS^ 
»**:5X10l7cm-3|CLrk>5*, 3X10l7 C m 
-36t± 1 X 1 0 18 c m-3gilT«0«SHT?fcixtf. R 

[0 19 4] ***©»ttt*JV^t:il» ^WftBli: LT 
Si x O y (x, ylllW±) m%m*1ti>K Al x O y , 
Si x N yi Si x O y N z (x, y, z II 1 U±.) WV^T 

[0195] *nm<oj&m\ci$^xK, k— ^#shjb 

BijS«WH*OpSGaAsRfl*5 0 9lC, Ar^^ 
tOW^y<0^figlt«rffoTV^^, (N) ^Ji- 

(O) -f^->, T/i^=rv (Ar) ^*y©vvf 

sot?. H trfsii5j«o^^q#f.nSo 
[oi9 6] **^S(0}g^lll±3v^•cli, vftw^-e^s 
AsJR**$&#BftT-er=-A'*fTofca«, v«W 
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7 o o'C-etro*:^ r =-/na*a* 6 o orw 

±7 5 O'C^TT-foiXli, nlAl,Ga y In z P|l 
*7y h'M 5 0 3ffiS~© I iSelR^-CfcSBelS^Ott 

to 1 9 7] **!6©»tt^*sv^Tli, S&l$®SIgt£ 
* l l * 5 y KB. I I flUK^fcStf 

«EA/-e**iSttJi, »2*Mo*2^?yKl, 82 
yKJf, «2*Wao«IWI«rl«**tr^*^^** 

U K*^tr7=-/i'LT, SlrffiSttSro^-f 5 *^ 

fc#fift?#Fffiii£##'f K»-C^-C45Sttl. 
»2«MHW>JS2*?yKJl, ^2fiiroi5/fy^ 

WE**^* 

7— — A'L, «Ha*2W«fflO|B2*9y KS, 82>g 

# < +4 WES& 5 Htto»ttlc|Btt«>¥*# ^— 
0W6#B*J8v*Tt>, Siiffii:l3^»S!)^ s #?>ii5. 
[0 198] 

K±i«JWM»*J:9K, .*1©*W© 
y K«*ffiK'>ftKtt^Sftfc£?Ui!l*#fflErttt« 

«iy3tta*^#PflStti'Mt»i-« ^ t lefts. 

[0 19 9] tr5?J5, WEft^FjgttJB©*^* 
fc/<y7J§©£J§lciiii&II?;6S£*ftT^5©-c, M 
Ett» Lfc2ftJB*tt*nE**#FJSttJIrtfc#«-r S 



J6 

[0200] ME%ufttttBi&ffft*£*sit« 

*s it 6ft«««ttfc«ftfc C O D 7 y U~ J* 

102 0 1] St, i n««©**#u— !f*^ii. mr 
EllSelK**:, l»B*f#Fffttl*ri«f2*©*9y 

#FJ3SttJl©^x/H i /< I) 7J|0*JIKffiElUftJK? 

1020-2] *fc. w 

E****lc**ii*in«W*©»**\ 3 x l o " c 
m-3^±fio 1 X 1 0l8 c m-S^Tt Lfc©T\ UfrEII 

JSttlSrfttf * 7 y KJB«^«o p '- n»*tt*©«ft*r 
BLih-et5. Lfciiot, WEfc^FflHtS^fc©* 

[0 2 0 3 ] *fc. 1 U— F** tt» ffi 
■lc#£L*WI»OT*;iMlfrEI6 1 CD* 7 y KlW'-tt 

[ 0 2 0 4 ] *fc, i nai«o*ifl«>**#^— 

It, #MK!rlftfc3«EL"Cl«Ei:^#FfSttltrtWBip» 
MtV y'Afcx h7^7-«]itw±*ict5lt5)tffittffiffi 

fdiot, lWE*ffl«Jw*Jit5a?L^»0#?SEI=J:«* 

ibm^^tS^L, igffi^SS)^lcfclt5ftfflft*Sttlcffi 

[0205] tfc, iSWH©iN*#u-"!P#*tt. Sfr 

^v'^A^©f6iti^ i -oi: LfcOf, WEl*J»«*l- 
S HTS^ #F&ttl^t£«t 3 £?Ui^ i MEI I 

[0 2 0 6] Sfc. «2©»WO*»flc^-1f* ; T'«)» 

* i w*g©¥WfMa6-t£» i «ms* 7 

ft^#FSttJitJ«t^ 2 7 y KS££tf«® 
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fc\ ffiErttt««K#tt5**#Ffi^0>' < i' K*1r 

[0 2 0 7] lWB7=-yHMf©»*'C|EiriI 
BUTf-a* S **iT v * S USES? #Fffittl ifi^ro I IK© 
*0>tt*4aaM:/h3<, *:rofcftiftE7~-/K«toT 

LfciioT, i»Ert»S*ftft*#F!Stt 

IWFSSffllfcftlt Stt*tt*fc«r*|i«+6 - i #"C 

10 2 0 8] £t>|c, ±aror't<fitJE7^-/Kci5 

ft, *ETs-^lcJ:6*F#PiS*Mi!»»6*l««ffl 
* 9 * Kl«^©Il«JSt^©lt*«r fcJMfli- 5 w i 

[0 2 0 9] Sfeic, ttER«flEilil[T(z»it«MCft 

£\ Kffl*Btt«Pli*Jlt«ft«lflr«ttK«SfJ.fcCOD7 

y — e*> s ^gft u— f x**&m t v & < ^ t * 

[0 2 10] » 3 l/-"lf*-f<0B 

k«, *x*st/<0 7*tji»e>j«i**#FiStt/i 

fcttfcfifeftStf, T=-^J:oTiWB*2**a^5 
s/ KJioilKIR^SrllllCS^FfifttaicffilR**, ffl 

««H*«r»riSU 7=-/Hr«toT, mStMR 
[0 2 11] ^ PjJr, 2®<D7=--J\'ZnbZtft-Q% 



J* 

[0 2 12] SfclC, fiffEK«#BSiSTcO«E«ii#!£ 
aJBflJSttrtWUSflJR^iJ^rt^itr. 1WES7LK? 

U-if 5 £< f#2> 1 1 J*?* 50-C*>5. 
[0 2 13] B«E*2i»«S^9y KS©IIK 

W ; f-SrlUE* ; f-#FiSH4atlt*$*6T=-/Hi, SH 

[0 2 14] S4«^0?ffi:^- ifSt^OS! 
»*«fett, «! l S«ae¥*fl&K±Kft l 5 
5/ KB, iiasJSfrfcSfr i/< y 7S fc 

*^#FStti*jj;^2*«s^ 7 v ym^mm 

iHMWK^^yftSft^^fcJBRttfclMtL, 7^ 
limET=-^©RCiKnErt«««K*5lt68Wi 

[0 2 15] *OHSfc. ffiET=-/H»©^-ei!EKII 
^<08S43ga«/J^<, tOfcftl»E7=-/HcJ:o-C 
t^-c^5 o Lfc^*o-C, l»Ert««*«>*TF*FStt 

[02 16] Ja4orfc<IWeT=-yHcJ:« 
ft, «]ET=-yHc*5ft«fPJSttJi*»fe*UlttEH 

[0 2 17] SblC, «i!E«lfllig#I±iC*5lt5^fflW 
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MbB^fcMt 5fi$«ifgttlctettfc COD7U -Tife* 
[0 2 l 8] *fc. 8 5<D8?l!<D¥i*ttu-1f**0>K 

77 KJi«!>IlWll**ttE*P#FfittJilcttlkS*. 

&&$ixx%*ftFtmm~tt®.+z>mM*tK we 
*j#Fisttj| *nx v > 5 1 ikr 7- fc m* l.*v \ . 

[0 2 19] SPjfd, 2 0cor--/u5rtT5 

8H£«'M0li*]R*©Jt»fc. -tftK#5ltfJE*7#F 
ffittlA»5>» 1 glS* 7 y Klffl^roilKJB^tttt 
i«r»IWC$. »fflA8attfcfc:lstt$lilre**#Fi£tt 

102 20] «*e>ir, mBmmmmm±Ktsttzmtt 
just**)** #F»ttl~©fe&£{Sil-rs 

[02211 s&k, mm-zm-nm 7 •> m<»iim. 

E«littfflW:C*stt -5 Jfcffl WKBififiHJMfc* * vft 

frit*. Lfc^oT, lMEII«iB*a J **#FfiHSUIfc 
tt»*h.5»fCI±/i<. flfllErtSi5®^0*iF#Fffitt 

[0 2 2 2]^;, l u--»f**<BKjS 

9 kLxmntomzm^ox; $&ftwm^*><(* 



40 

><tztitzm*<»mm±Lx. ffo&ftummm® 

ZZtfrXZZo LtLtfiX. mfr*9k LXlsiS* 
[ 0 2 2 3 ] * fc % 1 HJS0tJ<7>*i£ft !f OSiig 

m(ooh<D'p%< th io£ffl^acD-c % flfiEJfetb^ 

.0 WlcdfesTCt, WET^-yHiiSi^FjSttJB^O 

LX, 7*b*$.**s±>X%ytft<D*-*&&&<{* 

[0 2 2 4] 4fc, lHlfi«l©**#U— !f**«>«£ 

rtWWO^?y KJIlw&$$ftTft?#FfcttlHl2; 
oLbtfX'ZZ, 

[0 2 2 5] tWE»2 0*il!-»5ro»ll|«)iW#^- 
Sector. 3efc6KtttBfc¥*fti'--tf* : f«:* 

[0 2 2 6 1 -rfcfrtb, ttnBSB 1 ^msto^^ssi: 

y^hy:/S. »2*©0»3©?7yKl, IS 2 

risft < ft 5 , l)trRrt»*«»**#FffiiM~tttt1-5 
ft^#F&ttS»/<> K¥ir y ^©*tt«r»W t£o^ 

[0227] mGMzmW&o^yl'vrxly 

■C. ^x^^r--yat > BilEi:^#FffittSlc*;it 
wft^FStt^o^o K^-r y7*«t "3 < 

W^JC, WtE«2»*S!<D3:yf l ^^hj/7 p l. ^2 

y 3^R» h 7 -f ^©Bfl*S <t t/fli[E y y h ? -Y 7" 
<0±ffllcig 1 y *@) «r^c 
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mm*?®®®, t mm&xm t w&ar tvovattf 

[02 2 8]Sfc, ItlE^liSttSW^^SfiSrGa 
AsiU friaSfl 1 gas? 7 y KS. ft?#PStt 
Jf, JB2**a^7 3'KJi, »2MlOf(30?7J' 

hWAl x Ga y In z P (x, y, z 12 0 «JLk 1 fit 

■IBS 1 1 SB 1 3ltt©HHB<0¥i*fr t — If 

[0 2 ] 0 1 d^t^ft oMfcMfetlMl 

[0 3] Hllw*1-#*#W— VSlffORTAtfcfcJlS 

[04] ffi3WE»«>«a*«fe*rfflv^*«#u-1l , «^ 

me] m2mm<DMm<Di®n<D7~-/i>®RxfiR7 

[0 7] MQWiSttS-eoZnIR-fSStCWl 2 0m 

[08] JR4H«0»ttOif£»fl:i^-1f*^0*Jii«r* 
1"»fffi0T-fo5c 

[09] 08|Cijrf¥$#U— T^roiSjt^ftSrKM 

[010] »5H«SO«l8«)ii£*#U— 
S^rai-5fcftO0T-fo5 o 
[011] JB6jafioJKIlo***u— IfS^oRii* 

[012] tt*tt«»*W«cu-if*^<ofl|Jt«:*iKr 
B0-efe5o 

[013] u-- 



W-f5fcft<o0-efo5o 

101, 201, 1001 nlGaAsIffi 

3 0 1, 4 0 1, 50 1 [0 1 1] Xfi [0-1- 

1] #|S]Kl 5««BL-C^*n§lGa AsSS 

30 2, 4 0 2, 5 0 2 n®G a y I n z P'< y 7 y ® 

1 0 2, 2 0 2 n^Al x Ga y As|gl^7 7 KJB 

3 0 3, 4 0 3, 5 0 3 nfA l,Ga y I n 2 P$l 

97 y m 

io 1 0 3, 2 0 3 /<!JTaXU s !>*A'HJ» s S5»caJB* 

o, wE^yri, -7x^1, Kj§©*aic 1 1 
ttJf) 

304, 404, 504 /<97jUUF9:cA'JI*S&E 

in njuB^-cfcSBejg^^ttfc^aiSttn <m 

20 2 1 9,4 2 0 MQWffttl 

1 0 4, 2 04 plAl,Ga y As!2^7J'KI 
30 5, 4 0 5, 505 plA 1 X G a y I n z P^2 
>77Ki 

1 05. 2 0 5, 306, 4 0 6, 5 06 plxyf 

1 0 6, 2 0 6 p ?SA 1 X G a y A s % 3 7 7 5> h'S 
30 7, 4 0 7, 50 7 plAl x Ga y I n z PS3 

Vyy Kl 

30 8, 40 8, 508 pSG a y I n z PtFf?gjf 
30 107,207,309,409,509 piG a A 

1 0 8, 2 0 8 nSAl x Ga y Asl:Jlt7*ny^g 
3 10, 4 10, 5 10 nSA 1 X I n z PflSfc7*!3 y 

5 20 Al x In z Pm 

1 0 9, 2 0 9 plGa As^ffifkl 

110, 210, 311, 411, 511 piG a A 

111, 2 11, 3 12, 4 12, 512 pIM 
40 1 1 2. 2 1 2, 3 1 3, 4 1 3, 5 1 3 nlli 

113, 213, 314, 414, 514 &®i$ 

114, 214, 315, 415, 515 ftfle#£.A. 

115, 215, 316, 416, 516 *h7^7" 
Vttol) yV 

116, 2 16 u-1f#S««ififfiflW«fcJ&ja3ft 
5 l 7 w— r*lB»rt»«*t»**ix5««fl£R 

117, 118, 2 17, 2 18, 3 17. 3 18. 3 
so 1 9, 4 1 7, 4 1 8. 4 1 9, 5 1 8, 5 1 9 U5> 
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1 00 2 nlAIGaAsH7yKi 
1 00 3 g*#FJS*fe! 

1 0 0 3 a ffi* #FSttlW U— HfilC^tS^ 

* ' 

1 0 0 3 b ft*#Fi£ttS<0 i/-U«*«IMIBififf K 

mi] 
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1 00 4 a pSA 1 Ga As|gl±^7-y YM 

1 00 4 b p Si A 1 G a A s j?S2 Jt^ 7 V 

1 00 6 STLttlRIK* 

1 00 7 /p^SAI^ 

10 10 Si 0 2 §l 

1 0 2 0 ^-tf*JHMH5 





^882002-204034 (P2002-204034A) 




8M2002-204034 (P2002-204034A) 




